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IV.  Accum ulator 

 

A.  Function  

 The purpose of the Accumula tor , a s its name implies, is to accumula te 

an t iprotons. Th is is accomplished by momentum stacking successive pu lses of 

an t iprotons from the Debuncher  over  severa l or  many hours. Both  RF and 

stochast ic cooling systems a re used in  the momentum stacking process. The 

RF decelera tes the recen t ly in jected pu lses of an t iprotons from the in ject ion  

energy to the edge of the stackta il. The stackta il momentum cooling system 

sweeps the beam deposited by the RF away from the edge of the ta il and 

decelera tes it  towards the dense por t ion  of the stack, known as the core. 

Addit iona l cooling systems keep the pbars in  the core a t  the desired 

momentum and min imize the t ransverse beam size. 

 What  follows is a  ch ronologica l sequence of even ts tha t  takes place in  the 

Accumula tor : 

1) Unbunched 8 GeV an t iprotons a re extracted from the 

Debuncher , t ransfer red down the Debuncher  to Accumula tor  (D/A) 

line, and in jected in to the Accumula tor  in  the A10 st ra igh t  sect ion . 

The beam is t ransfer red in  the hor izon ta l plane by means of a  

kicker  and pu lsed magnet ic septum combina t ion  in  each  mach ine 

(in  order : D:EKIK, D:ESEPV, A:ISEP2V, A:ISEP1V and A:IKIK). 

Extract ion  from the Debuncher  occurs ju st  before anot her  

an t iproton  pu lse a r r ives. 

2) The Accumula tor  in ject ion  kicker  pu ts the in jected an t iproton  

pu lse on to the in ject ion  closed orbit  wh ich , a t  the in ject ion  kicker , 

is rough ly 80 mm to the ou tside of the cen tra l orbit . The kicker  is 

loca ted in  a  h igh  dispersion  region  so the h igher  energy in jected 

beam is displaced to the ou tside of the Accumula tor . The 

Accumula tor  in ject ion  and extract ion  kickers  have “shu t ter s” wh ich  

can  move in to the aper tu re between  the in ject ion /extract ion  orbit  

and the circu la t ing sta ckta il and stack  (See Figure 4.1). If the 

shu t ter  is closed when  the kicker  fires, it  can  sh ield the circu la t ing 

an t iprotons a lready in  the Accumula tor  from fr inge fields crea ted 

when  the kicker  fires. After  beam is on  the in ject ion  orbit , the 

shu t ter  can  be opened aga in  to a llow an  unobstructed pa th  from the 
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                F igure 4.1  Accumula tor  Inject ion Kicker  

in ject ion  orbit  to the deposit ion  orbit . Opera t iona lly it  was found 

tha t  there was no sign ifican t  impact  on  the core when  the kickers 

were fired with  the shu t ters  left  open . Therefore, the shu t ters a re 

normally left  open  dur ing stacking. Figure 4.2 shows a  spectrum 

ana lyzer  display of the Accumula tor  longitudina l beam dist r ibu t ion  

in  terms of a  ha rmonic of the revolu t ion  frequency. The figu re, 

among other  th ings, shows the rela t ive loca t ion  of the shu t ters in  

revolu t ion  frequency (which  rela tes to the hor izon ta l posit ion  in  a  

h igh  dispersion  st ra igh t  sect ion ). 

3) After  the in jected pbars have been  kicked on to the in ject ion  

closed orbit , a  53 MHz RF system known as ARF -1 captu res the 

beam in  84 bunches. ARF-1 then  decelera tes the beam by 

approximately 60 MeV to the edge of the stackta il, beyond the 

space occupied by the kicker  shu t ter . The RF is slowly tu rned off a t  

the edge of the stackta il, adiaba t ica lly debunch ing the beam. 

4) The stackta il momentum cooling system now acts on  the pbars. 

Th is system decelera tes the beam towards the core , wh ich  is 
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             F igure 4.2  Accumula tor  st ack profile 

approximately -150 MeV from the in ject ion  orbit  (or  ~70 mm to the 

in side of the Accumula tor  cen tra l orbit  in  a  h igh  dispersion  

st ra igh t ).  

5) After  approximately 20 minu tes, the an t iprotons in  the stackta il 

have been  decelera ted in to the domain  of the core cooling systems. 

Eigh t  stochast ic cooling systems act  on  beam in  the core du r ing 

stacking. The 2-4 GHz and 4-8 GHz core momentum systems 

con trol the momentum spread and keep the pbars from h it t ing the 

low momentum aper tu re. The 4-8 GHz core hor izon ta l and ver t ica l 

beta t ron  cooling systems (separa ted in to th ree systems in  each  

plane) keep the t ransverse emit tances min imized.  

6) Th is process con t inues for  tens of minu tes or  hours as the stack 

grows in  size un t il the desired Accumula tor  in tensity is reached for  

t ransfers to the Recycler . 
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7) When  a  t ransfer  of pbars to the Recycler  (via  the Main  In jector ) 

is desired, an  RF system known as ARF-4 is u sed to move beam 

from the core to the extract ion  orbit . ARF-4 has a  ha rmonic number  

of h=4 and is energized a t  a  very low amplitude a t  a  frequency 

corresponding to tha t  of the core. The RF voltage is s lowly 

increased and a  por t ion  of the beam in  the core is captu red in to fou r  

buckets and is slowly moved th rough  the stack beyond the space 

occupied by the shu t ter , and on to the extract ion  orbit  (wh ich  is the 

same as the in ject ion  orbit ). 

8) Once the unstacked pbar  bunches a re on  the extract ion  orbit , the 

ARF-4 voltage is increased. The addit iona l voltage acts to sh r ink 

each  bunch  longitudina lly, crea t ing more room between  the 

bunches for  the kicker  to r ise th rough .  

9) Next , the Accumula tor  extract ion  kicker  is fired to begin  the 

extract ion  process. As was a lready men t ioned, a lthough  the 

extract ion  kicker  has a  shu t ter  to sh ield the remain ing stack from 

fr inge fields, it  is not  u sed opera t iona lly. The deflect ion  impar ted 

by the kicker  t ransla tes to a  hor izon ta l displacemen t  a t  the 

Lamber tson  magnet  near  st ra igh t  sect ion  30. Beam en ters the field 

region  of the Lamber tson , wh ich  bends beam up and ou t  of the 

Accumula tor  in to the AP3 line. 

 

B.  Lattice  

 The Accumula tor  “r ing” actua lly resembles a  t r iangle with  fla t tened 

corners. The la t t ice has been  designed with  the following constra in ts in  mind.  

•  The Accumula tor  must  be capable of stor ing an  an t iproton  beam 

over  many hours with  a  good beam lifet ime. 

•  There must  be severa l long st ra igh t  sect ions , with  lengths up to 16 

m, to accommodate stochast ic cooling pickups and kickers. Some of 

these st ra igh t  sect ions must  have low dispersion , wh ile others 

need to have a  dispersion  of up to 9 m (h igh  dispersion ).  

•  Beta tron  cooling pick -ups and kickers must  be an  odd mult iple of 

/2 apar t  in  beta t ron  phase (i.e. the number  of beta t ron  

oscilla t ions) and fa r  enough  apar t  physica lly so tha t  a  chord drawn  

across the r ing will be sign ifican t ly shor ter  than  the a rc. Cooling 
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pickup signa ls must  a r r ive a t  the kickers on  the same tu rn  in  

order  to act  on  the pa r t icles tha t  crea ted the signa l. 

•  The la t t ice must  have room for  devices to in ject  and extract  beam 

from the Accumula tor , RF cavit ies and diagnost ic devices.  

 The end resu lt  is tha t  the Accumula tor  has an  unconven t iona l t r iangu la r  

shape th a t  includes 6 st ra igh t  sect ions with  a lterna tely low and h igh  

dispersion . Th is shape was considered most  efficien t  a s compared to other  

designs, wh ich  were up to 10-sided. 

  It  is wor th  commenting on  why there is a  need for  h igh  and low 

dispersion  sect ions in  the Pbar  r ings. The dispersion  funct ion  (often  writ ten  

x and y for  the hor izon ta l and ver t ica l planes) descr ibes the con tr ibu t ion  to 

the t ransverse size of a  pa r t icle beam from its momentum spread. Disper sion  

is caused by bending magnets, bu t  modified by quadrupoles. Pa r t icles with  

differen t  momenta  a re ben t  a t  differen t  angles as a  funct ion  of the 

momentum. In  a  low dispersion  a rea , the beam size is a lmost  en t irely defined 

by the  funct ion  and the t ransverse emit tance of the beam. In  a  h igh  

dispersion  region , the beam size is defined by the  funct ion  and t ransverse 

emit tance as well a s the dispersion  funct ion . In  the case of the h igh  

dispersion  st ra igh ts in  the Accumula tor , the hor izon ta l beam size is very 

la rge and domina ted by the effects of dispersion . The beam size is very small 

in  both  planes in  the low dispersion  a reas. There is very lit t le ver t ica l 

dispersion  in  the Accumula tor  due to the fact  tha t  the on ly ver t ica l bending 

magnets a re small t r im dipoles. Normalized emit tance, often  writ ten  as n , 

descr ibes the t ransverse size of the beam independen t  of the beam energy,  

funct ion  and dispersion  funct ion . 

  Low dispersion  regions can  be used by cooling systems to sense a  beam 

posit ion  er ror  due to t ransverse oscilla t ions  on ly. In  a  simila r  vein , posit ion  

er rors in  a  h igh  dispersion  sect ion  can  in  la rge pa r t  be a t t r ibu ted to off-

momentum beam. In  the case of the Accumula tor , beta t ron  cooling system 

pickups a re best  placed in  low dispersion  st ra igh ts wh ile momentum cooling 

pickups a re found in  one of the h igh  dispersion  st ra igh t  sect ions.  

 The la t t ice of the Accumula tor , shown in  figu re 4.3, is much  differen t  from 

the Debuncher . There a re specia l a r rangements of quadrupoles approach ing 

the st ra igh t  sect ions in  order  to ach ieve the desired dispersion . Like the 

Debuncher , the Accumula tor  has mirror  symmetry abou t  the st ra igh t  

sect ions. The magnet  number ing scheme increases as one t ravels in  the pbar  
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   F igure 4.3  Accumula tor  la t t ice 

 

direct ion  in  the odd-numbered 

sectors, and decreases in  the even  

sectors. Like the Debuncher , the 

Accumula tor  st ra igh t  sect ions a re 

fu ll of specia lized devices. A10 

con ta ins core beta t ron  cooling 

pickup tanks, Schot tky and other  

diagnost ic pickups, damper  

pickups and kickers as well a s the 

beam curren t  t ransformer  for  

measur ing the circu la t ing beam 

in tensity. The in ject ion  and 

extract ion  kickers a re found in  

st ra igh t  sect ion  20 as a re the 

pickup a r rays for  the 4-8 GHz core 

momentum cooling system. In  A30 

reside the extract ion  Lamber tson , 

the stackta il momentum, 2-4 GHz 

core momentum, and core beta t ron  

cooling kickers. The ver t ica l 

scraper  and low dispersion  flying 

wires (no longer  used) a re found 

ou tside of the 30 st ra igh t  sect ion , 

a t  the 307 loca t ion . Stra igh t  

sect ion  40 con ta ins a  momentum 

beam scraper  and a  set  of flying 

wires tha t  a re no longer  used. A50 

con ta ins the hor izon ta l scraper , 

the kicker  tank for  the 4-8 GHz 

core momentum system, a  

resist ive wa ll cu rren t  mon itor  and 

var ious Accumula tor  RF cavit ies . 

An  exper imen ta l pit  is  a lso found 

in  A50. Stra igh t  sect ion  60 

con ta ins a ll of the stochast ic 

cooling pickups for  the stackta il 
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momentum system and the 2-4 GHz core p cooling pickups. 

 

C. P ow e r supplie s  

 The main  dipoles and quadrupoles in  the Accumula tor  a re powered by 

four  differen t  power  supplies, A:QT is loca ted in  AP10 and the others a re 

loca ted a t  AP50. All of the dipoles a re powered in  ser ies by A:IB, a  la rge 12 -

phase PEI supply. Like D:IB, it  has a  separa te 13.8 kV transformer  ou tside of 

the AP50 service bu ilding. There is a  r eference dipole magnet  with  an  NMR 

probe in  the A40 stub room tha t  is a t tached to the main  A:IB bus. The NMR 

probe readback (A:NMR50) can  be used to precisely t rack changes in  the 

Accumula tor  bend field, wh ich  most ly occur  because of thermal effects. It  is 

impor tan t  to follow the prescr ibed procedure when  adjust ing the bend field of 

both  the Debuncher  and Accumula tor , to avoid an  energy mismatch .  

 The 'la rge' quadrupoles, the ones found on  either  side of the h igh  

dispersion  st ra igh t  sect ions numbered 10 th rough  14, a re a ll powered by 

A:LQ. Each  10, 11 and 14 loca t ion  quad has  a  50A shun t  for  individua l 

con trol to make la t t ice adjustmen ts or  beam measuremen ts. Quadrupoles 

adjacen t  to the low dispersion  st ra igh t  sect ions, the 1 th rough  3 loca t ion  

quads in  a  sector , a s well a s the 6 loca t ion  quads, a re connected to the A:QT 

bus. Each  3 loca t ion  A:QT quadrupole (i.e. A2Q3, A3Q3, etc…) has a  50A 

shun t , and each  6 loca t ion  A:QT quadrupole (i.e. A2Q6, A3Q6, etc…) has a  

25A shun t  for  individua l con trol. In  addit ion  there a re 25A shun ts on  the 401 

and 501 quads. Ou tside of the st ra igh t  sect ions , one finds a lterna tely 

focusing and defocusing quadrupoles. With  the except ion  of the 6 loca t ion , 

these a re a ll powered by a  single supply, A:QDF. Curren t  is deliver ed to each  

type of quad a fter  passing th rough  one of two shun ts on  the ou tpu t  of th is 

supply. A:QSF1 shun ts cu rren t  from the focusing quads  (4 and 8 loca t ions), 

A:QSD is the shun t  for  the defocusing quadrupoles  (5, 7, and 9 loca t ions).  

Each  8 loca t ion  qua d (i.e. A2Q8, A3Q8, etc…) has a  25 A shun t  for  individua l 

con trol. In  addit ion , there a re a lso shun ts on  the 104, 105, 204, 205 and 307 

quads, u sua lly on ly used for  studies . The cu rren t  delivered to the focusing 

and defocusing quadrupoles on  A:QDF differs by less than  a  percen t .  

 The Accumula tor  tunes a re adjusted by changing the main  QDF shun ts 

A:QSF1 and A:QSD. The hor izon ta l tune is more a ffected by changing 

A:QSF1, and the ver t ica l tune by changing A:QSD. In  both  cases, increasing 

the D/A va lue on  the shun t  decreases th a t  plane’s tune va lue, wh ile 
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                F igure 4.4  Nominal Accumula tor  tune  

increasing the tune in  the opposite plane by a  smaller  amoun t . There is a  

sign  flip between  the set t ing (posit ive) and the readback  (nega t ive) on  a ll 

shun ts in  pbar . The defau lt  core tune va lues in  the Accumula tor  a re 

cu rren t ly 
x
 = 6.683 and 

y
 = 8.681 and a re normally kept  with in  0.0005 of 

these va lues. The in teger  por t ion  of the tune is normally assumed and not  

repor ted. Figure 4.4 shows the loca t ion  of the defau lt  core tune in  rela t ion  to 

the va r ious resonance lines  below 13
t h
 order . The red lines a re the sum 

resonances and the green  lines a re the difference resonances.  The lines tha t  

in tersect  
x
 = .66 and 

y
 = .66 a re 3

rd
, 6

t h
 or  9

t h
 order  resonance lines; the lines 

the in tersect  
x
 = .7 and 

y
 = .7 a re 10

t h
 order  resonances lines; the lines tha t  

in tersect  
x
 = .714 and 

y
 = .714 a re 7

t h
 order  resonances. By fa r  the st rongest  

of the resonance lines, the main  2/3
rd
 resonances a re shown in  bold.  

 It  is impor tan t  to rea lize t ha t  when  we quote the Accumula tor  tunes, we 

a re genera lly quot ing their  va lues  for  beam a t  the core. The tune va lues a re 

not  un iform across the Accumula tor  momentum aper tu re. We can  see in  
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Figure 4.5  Accumulator tunes across the momentum aperture 

Figure 4.5 tha t  the tunes t raverse th rough  a  number  of weak resonance lines 

as they t ravel from the in ject ion  orbit  to the core. Keep in  mind tha t  the 

beam does not  spend equa l amoun ts of t imes a t  each  loca t ion  on  the cu rve. 

Beam moves from the in ject ion  orbit  to the deposit ion  orbit  in  less than  a  

second, bu t  spends increasing t ime as it  moves across the stackta il to the 

core. Since Accumula tor  pbars spend a  major ity of their  t ime in  the core  (and 

there’s more of them), we a re usua lly most ly concerned abou t  the tune va les 

a t  the core. Sextupole and Octupole circu its (A:SEX10, A:SEX12, A:OCT10 

and A:OCT12) can  be used to modify how the tunes behave across the 

momentum aper tu re. Sextupoles change the slope of tunes across the 

momentum aper tu re wh ile octupoles produce a  pa rabolic tune change. 

 As an  economy measure, the Accumula tor  magnets were bu ilt  to provide 

fields for  pa r t icles with  a  kinet ic energy no grea ter  than  8 GeV. As a  

consequence, the magnets a re run  close to or  a t  magnet ic sa tu ra t ion  a t  8 
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GeV. When  making changes to the Accumula tor  bend and quad buses, 

hysteresis effects may be sign ifican t . To provide for  reproducible tunes and 

orbits, the major  supplies a re "cycled" or  ramped from nomina l to zero 

cu rren t  th ree t imes following any per iod when  the supplies have been  tu rne d 

off (e.g. for  an  access).   

 In  addit ion  to dipoles, quadrupoles and t r ims, h igher  order  correct ion  

elemen t  st r ings can  be found in  the Accumula tor . Five sextupole supplies 

known as A:SEX3, A:SEX7, A:SEX9, A:SEX10, and A:SEX12 power  sextupole 

magnets loca ted adjacen t  to the th ird, seven th , n in th , ten th  and twelfth  

quadrupoles in  each  cell. Dur ing normal opera t ions, A:SEX3, A:SEX7 and 

A:SEX9 a re not  used. Octupoles a re found near  the ten th  and twelfth  quads 

and a re powered respect ively by A:OCT10 and A:OCT12. The sextupole and 

octupole magnets in  the '10' and '12' loca t ions  a re wound on  the same frame, 

the fields being formed by the shape and loca t ion  of the windings ra ther  than  

the number  of poles. 

 Decoupling of the hor izon ta l and ver t ica l tunes is possib le by means of 

skew quadrupole magnets powered by A:SQ100 and A:SQ607. Both  supplies 

power  a  single magnet , and  have reversing switches wh ich  make it  possible 

to reverse the pola r ity of either  magnet . The supply A:SQ607 or igina lly 

powered the skew quad a t  the 607 loca t ion , bu t  now powers a  skew quad a t  

the 107 loca t ion  to improve the phase rela t ionsh ip with  SQ100. There a re 

a lso two skew sextupole magnets powered by A:SS106 and A:SS406 , wh ich  

a re used to correct  coupling as a  funct ion  of momentum. The skew sextupoles 

a re rela t ively recen t  addit ions to the Accumula tor  and were  added due to 

field imperfect ions in  the LQ quads, especia lly the newer  LQF’s a t  the 14 

loca t ions. Because of the LQF field problems, wedges were added to force the 

pole faces sligh t ly fu r ther  apar t  to distor t  the magnet ic field  so as to pa r t ia lly 

compensa te. The skew sextupole circu it s provide the fina l correct ion . 

 Fina lly, there is the extract ion  Lamber tson  magnet  powered by D:ELAM. 

Th is supply is kept  on  dur ing normal Collider  opera t ion  despite the fact  tha t  

it  is needed on ly dur ing reverse in ject ion  of protons and t ransfers of 

an t iprotons. The h igher  order  fields produced by the Lamber tson  a re 

su fficien t ly st rong in  the 'field -free region ' so as to cause not iceable tune and 

coupling differences when  on  versus off. 

 Fine con trol of the Accumula tor  orbit  is possible by means of a  

combin a t ion  of t r im dipoles, dipole shun ts and motor ized dipoles. Each  main  
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                   Table 4.1  Accumulator RF systems 

                 Figure 4.6  ARF-1 voltage 

                 and frequency waveforms 

dipole in  the Accumula tor  has a  shun t , permit t ing individua l con trol of the 

cu rren t  passing th rough  each , providing hor izon ta l orbit  con trol. The shun ts 

can  be used in  combina t ion  with  other  shun ts or  hor izon ta l t r ims to produce 

loca l bumps. Due to space limita t ions, the AxB8 and AxB10 dipole magnets 

have stepping motors on  their  magnet  stands a llowing them to be rolled 

sligh t ly. Rolling the dipole impar ts a  ver t ica l deflect ion  on  the bea m and can  

be used in  place of a  ver t ica l t r im magnet . Both  hor izon ta l and ver t ica l t r ims 

a re loca ted near  beam transfer  poin ts. Ver t ica l t r ims a re a lso loca ted in  the 

a rcs. 

  

 

D.  RF syste m s  

 

1.  ARF-1  

 The Accumula tor  has 

fou r  RF systems, ARF -1, 

ARF-2, ARF-3 and ARF-4. 

Table 4.1 summarizes 

a t t r ibu tes of the va r ious 

Accumula tor  RF systems. 

When  stacking, ARF-1 is 

u sed to move beam from 

the in ject ion  orbit  across 

the kicker  shu t ter  region  

to the h igh  energy edge of 

the stackta il (deposit ion  

orbit ). Th is process takes 

abou t  600 milliseconds. As 

System Freq. Harm. Peak 

Voltage 
Amplitude Frequency 

ARF-1 52.8 MHz h=84 40 kV 
DAC (A:R1LLAM) 

164 card (A:R164AM) 

DAC (A:R1LLFR) 

164 card (A:R164FR) 

ARF-2 1.26 MHz h=2 200 V 
DAC (A:R2LLAM) 

164 card (A:R264AM) 

DDS (A:R2DDS1) 

468 card (A:R268FF) 

ARF-3 1.26 MHz h=2 2,000 V 
DAC (A:R3LLAM) 

164 card (A:R364AM) 

DDS (A:RLLFS0) 

468 card (A:R268FF) 

ARF-4 2.5 MHz h=4 1,500 V 
DAC (A:R4LLAM) 

 

DDS (A:RLLFS1) 
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                            Figure 4.7  ARF-2 structure 

beam from the Debuncher  en ters the Accumula tor , it  is a  near ly con t in uous 

st ream with  a  small momentum spread and no bunch  st ructu re. In  order  to 

efficien t ly captu re the beam, ARF -1 bunches the beam adiaba t ica lly. The 

phase is then  sh ifted ~0.7 degree and the frequency increased by ~5.8 kHz to 

decelera te the beam to the edge of the stackta il. Next , the beam is debunched 

by adiaba t ica lly reducing the RF voltage. The an t iprotons exper ience an  

energy reduct ion  of 0.7% between  the in ject ion  orbit  and deposit ion  orbit  of 

the stackta il. Figure 4.6 shows how the RF voltage and frequency change 

dur ing a  stacking cycle. 

  The amplitude reference for  ARF -1 can  be switched to either  a  DAC 

(A:R1LLAM) or  a  164 ca rd (A:R164AM). The frequency inpu ts a lso a re 

provided by both  a  DAC (A:R1LLFR) or  a  164 ca rd (A:R164FR).  

 

 

2. ARF-2 

 ARF-2 was or igina lly used to unstack beam from the core du r ing collider  

opera t ion , a  single bunch  a t  a  t ime. ARF-4 has been  used for  unstacking 

pbars since the beginn ing of Run  II. ARF-2 is now exclusively used for  

providing “stabilizing RF”, wh ich  dislodges t rapped  posit ive ions tha t  can  

lead to emit tance growth . Approximately 25 Volts of RF is applied a t  or  near  

the core revolu t ion  frequency to weakly bunch  the beam. The bunch ing of the 

beam acts to dislodge the ions from their  poten t ia l wells. ARF-2 is an  h=2, 

1.26 MHz system tha t  has one of the two buckets suppressed in  a  manner  

simila r  to DRF-2, bu t  not  u sing a  ba rr ier  bucket  (see figu re 4.7). Th is is 

accomplished by a  modu le, wh ich  suppresses every other  RF cycle and sends 

the resu ltan t  waveform to the h igh  level.  

 Amplitude con trol of ARF -2 can  be switched to either  a  DAC (A:R2LLAM) 
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                           Figure 4.8  ARF-3 structure 

                             Figure 4.8  ARF-3 structure 

 

or  a  164 ca rd (A:R264AM). The frequency inpu ts a re provided by a  DDS 

which  can  be set  to a  DC level or  ramped (A:R2DDS1). 

 

3.  ARF-3 

 ARF-3, pr ior  to Run  II, was used for  to na rrow unstacked pbar  bunches on  

the extract ion  orbit . With  the adven t  of ARF -4 and 4-bunch  extract ion , ARF-

3 is no longer  used in  the extract ion  process. ARF -3 opera tes a t  1.26 MHz 

and h=2, it  does not  have a  su ppressed bucket  like ARF -2 (see figu re 4.8).  

 Curren t ly, the pr imary funct ion  of ARF3 is for  use in  beam studies. The 

ARF3 voltage can  be ramped to adiaba t ica lly captu re beam and the 

frequency changed to move beam in  the momentum aper tu re. Examples of 

ARF3 studies a re moving pbar  beam direct ly over  a  stackta il leg pickup for  

measuremen ts and measur ing the tunes across the Accumula tor  momentum 

aper tu re with  protons or  pbars.  

 ARF-3 was or igina lly connected to two iden t ica l cavit ies, ARF3-1 and 

ARF3-2. While ARF3-2 is st ill connected to the ARF -3 amplifiers, ARF3-1 has 

been  modified and connected to the ARF-4 system instead of the or igina l 

ARF-4 cavity.   

 The low level amplitude inpu t  to ARF -3 comes from either  a  DAC 

(A:R3LLAM) or  a  164 ca rd (A:R364AM). As with  ARF-2, the frequency inpu ts 

a re provided by a  DDS which  can  be set  to a  DC level or  ramped (A:RLLFS0). 
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                 Figure 4.9  ARF-4 waveforms during extraction 

 

 

 

3.  ARF-4 

ARF-4 is a  2.52 MHz h=4 system tha t  captu res 4 an t iproton  bunch es for  

t ransfers to the Recycler  (via  the Main  In jector ). When  removing an t iprotons 

from the core, the ARF -4 voltage is slowly increased to adiaba t ica lly captu re 

a  por t ion  of the core. The voltage amplitude, a s defined by the bucket  size, 

can  be changed to bunch  more or  less beam. As the frequency cu rve plays, t he 

synchronous phase angle of the RF is changed un t il the bunches a re 

accelera ted ou t  of the core to the extract ion  orbit .  The phase angle retu rns to 

zero once beam reaches the extract ion  orbit , and the voltage is increased from 

500V to abou t  1,500V to na rrow the bunches in  t ime (leaving a  la rger  gap for  

the extract ion  kicker  to r ise th rough). ARF-4 phase locks to the Main  In jector  

shor t ly before beam is extracted. The en t ire process of unstacking pbars 

takes approximately 15 seconds (see Figure 4.9).  

Ear lier  in  Run  II, when  Teva tron  shots were made from the Accumula tor , 

a  typica l t ransfer  involved 9 extract ions, for  a  tota l of 36 bunches sen t  to the 

Teva tron .  With  the commission ing of the Recycler  a s the source of 

an t iprotons for  Teva tron  shots, pbars a re no longer  sen t  from the 
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Accumula tor  to the Teva tron  via  the Main  In jector . Pbar  t ransfers to the 

Recycler  a re typica lly made in  pa irs a t  hour ly in terva ls.  

 The low level amplitude inpu t  to ARF -4 is con trolled by a  DAC, 

A:R4LLAM, which  is pa r t  of the VME system known as ACCLLRF. Enabling 

the cu rves with  A:R4CPAM passes con trol of the DAC to a  program runn ing 

in  the processor . Frequency con trol is th rough  A:RLLFS1, wh ich  is an  H=1 

va lue and the actua l H=4 frequency va lue is read a t  A:RFDDS3 . The LLRF 

can  be configu red to connect  to either  the or igina l ARF4 cavity or  the ARF3-1 

cavity tha t  is presen t ly used. 

 


